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1 Software Description

The software consists of DownscaleConcept.exe, an executable file developed from Matlab, and
a GIS tool for running DownscaleConcept, DoConGIS, which is used from within ArcGIS.
DownscaleConcept was developed to estimate soil moisture at a fine resolution based on coarser,
spatial soil moisture estimates by considering terrain characteristics such as slope, aspect, and
contributing area.



2 Software Installation

2.1 Software Requirements

The software was developed using a Windows-based computer and should be run on a computer
using either Windows XP or Windows 7 but may be either a 32-bit or 64-bit architecture.
Additionally, the Matlab Compiler Runtime (MCR) is required. This software is included in the
self-extracting installation package. DownscaleConcept may be run from the Windows command
prompt but ESRI ArcGIS 9.3 or higher is required in order to use the DoConGIS tool. Two
versions of DownscaleConcept.exe are provided: DownscaleConcept32.exe is for computers
with a 32-bit processor, and DownscaleConcept64.exe is for computers with a 64-bit processor.

2.2 DoConGIS Installation

A self-extracting *.msi file is provided for automatic installation of both DownscaleConcept.exe
and the DoConGlIS tool. Double-clicking on the *.msi file will lead the user through the
installation process. If MATLAB R2010b or MCR (version 7.14) is already installed on the host
machine, then press Cancel when the following box appears. Otherwise, this will guide the
installation of MCR version 7.14.

Choose Setup Language I,iE-J

@ Select the language faor this ingtallation from the choices below,
-

Enalish fUnited Siates] v

[ ] ] | Cancel |

L

When finished with the installation process, the following dialog should let you know that the
installation was successful. Section 3.2 below describes how to open the tool within ArcMap.



j{{‘}' DownscaleConceptGIS

Installation Complete

DownzcaleConceptGlS has been successfully installed.

Click. "Cloze' to exit.

Pleaze uze Windows Update ta check far any critical updates ta the WET Framewark.

Cancel < Back

e

2.3 Optional Software

While not required for use of the downscaling software, the topographic analysis freeware
TauDEM is useful for calculating topographic attributes and generating the files needed as input
to the downscaling software. TauDEM is available at the following URL.:

http://hydrology.usu.edu/taudem/taudem5.0/index.html

Appendix B describes how to acquire TauDEM software. Appendix C details how to use
TauDEM to provide inputs for DownscaleConcept.exe.



3 Software Use

3.1 Inputs

Use of the DownscaleConcept software requires the user to provide a coarse-scale raster for soil
moisture as well as fine-scale rasters for elevation, slope, specific contributing area (SCA), and
aspect (direction of steepest descent). Such terrain characteristics can be estimated from digital
elevation models (DEMs). Appendix A details the process to obtain fine-scale DEMs from the
National Aeronautics and Space Administration (NASA), although many other agencies provide
DEM data. Additionally, the user must provide an estimate of the annual average daily potential
evapotranspiration rate.

3.1.1 Coarse-scale moisture grid

The first input required by DownscaleConcept is a coarse-resolution soil moisture grid. This
grid provides the base moisture values that act as spatial average moisture values for the
downscaled moisture pattern. The moisture values in the coarse grid should have units of [L*/L?]
and the grid should be based in a projected coordinate system so that the grid has horizontal units
of [L]. DownscaleConcept also requires that the grid be in a GeoTIFF format (NoData values
must be a negative number).

3.1.2 Fine-scale topographic grids

DownscaleConcept requires fine-scale grids for the elevation, slope, aspect, and specific
contributing area (SCA). The resolution of these grids determines the resolution of the
downscaled moisture estimates provided by DownscaleConcept. The extent of the fine-scale
estimates is the same as that of the coarse-scale moisture grid. All of these grids should be
provided in a projected coordinate system so that the grids have horizontal units of meters. The
DEM should have units of [m], the slope grid should have units of [m/m], the aspect should have
units of [degrees clockwise from North], and the SCA should have units of [m?m]. The
attributes will have the appropriate units when a DEM with appropriate projected coordinates is
analyzed for slope and SCA by the TauDEM software and aspect is calculated by the ArcGIS
Aspect function (Spatial Analyst toolbox, Surface tools). DownscaleConcept requires the grids to
be in the GeoTIFF format (NoData values must be a negative number), which is also the file
format used as input and provided as output by the TauDEM software. Instructions for
calculation of terrain characteristics are found below in Appendix C.

In order to minimize the impacts of cross-boundary features (e.g. watersheds) on the topographic
attributes calculated for the area of interest, the initial DEM used to calculate the attributes
should extend some distance beyond the area of interest on all sides during the DEM topographic
analysis. The DEM can then be clipped to the area of interest after the analysis. The user may
need to connect (“mosaic”) multiple smaller DEMs together to obtain a single DEM extending



beyond the area of interest. Note, however, that DEM extents that are too large and/or
resolutions that are too fine may lead to computer memory problems.

3.1.3 Potential evapotranspiration

The final input required for DownscaleConcept is an estimate of the annual average daily
potential evapotranspiration (PET) rate in [mm/day] for the estimate area. Only one PET
estimate is required for the entire estimate area.

3.2 Running DownscaleConcept

Instructions for using DownscaleConcept both through the DoConGIS tool and from the
command prompt are provided below. The screen capture figures in the instructions are the same
as those the user should see when using the example files provided in the “C:\Program
Files\CSU\DownscaleConceptGIS\Example” folder created during software installation.

3.2.1 DoConGIS tool

1. Open ArcMap after instaling DownscaleConceptGIS (refer to the installation
procedure as described in Section 2.2 above).

2. On the menu bar at the top, click Tools->Customize... On the Toolbars tab, check
“DownscaleConcept Tools” as shown in the figure below. Click Close.

Customize |

Toolbars ll:nmmands ] Options ]

Toolbars:

[1 Data Frame Tools - Mew...
[] Dimensioning
[ Distributed Geodatabase

Reset ...

Editor

[ GeoDatasst Exchange Tools 9

[ Geocoding

[ Geodatabase History

[ Geometric Metwork Editing i

Keyboard... Add from fie... | Close |




3. The following toolbar should now be visible.

4. Click on the DoCon icon and the following dialog should appear.

Downscaled, Spatial Seil Moisture Estimation E

File Tools About

DEE

—Site-5Specific Constants
Potential ET [mm/day]: |

—Coarse Gnd Input TIFF File
Coarse Soil Maoisturs: | j _EI

—Fine Grid Input TIFF Files

Digital Elevation Model: -] DI
s | =1 Gl
bepect | =1 =l
Contributing Area: | ~| kal
—Fine Grid Output TIFF Files
PSRI: | EI
Soil Moisture: I _EI

Downscaled, Spatial Soil Moisture Estimation

Run DownscaleConcept |

5. Specify the estimated annual average daily potential evapotranspiration



6. Provide the TIFF file names for the coarse-scale moisture grid and the fine-scale
topographic attributes (which can be calculated from TauDEM according to
instructions found in Appendix C) to the dialog box either by dragging and dropping
raster layers into the drop-down boxes, expanding the drop-down menu and

selecting a file path, pressing the D| icon and browsing for the files, or placing the
file path directly into the drop-down box.

Downscaled, Spatial Soil Moisture Estimation @

File Tools About

hE@E
— Site-Specific Constants
Potential ET [mmiday]: [4.8652

—Coarse Gnd Input TIFF File

Digital Elevation Model: C‘\F'mglam Files bcEE}\ESU\DuwnscaleﬂnnceptGIS\E:ElmpIe\Eurrtnbﬂrea if .

il EevEten C\Program Files (86J\CSU\DownscaleConceptGlS\Example \DEM tf =

Slope: C:Program Files B86NCSUNDownscaleConceptGIS' ExampletSlope tif .ﬁl
I —

popect | =1 &l
Contributing Area: | ~] =
—Fine Grid Output TIFF Files
PSR | =
Soil Moisture: I _ﬁl

Downscaled, Spatial Soil Moisture Estimation™

Run DownscaleConcept |
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7. The completed dialog box should look similar to the one below when using the input

files from the Example subdirectory of the installation directory.

Downscaled, Spatial Scil Moisture Estimation

=
]

File Tools About

O E &=

—Site-Specific Constants

Potential ET [mmiday]: |4.8652

—Coarse Gnd Input TIFF File

Coarse Soil Moisture: |C:\F‘rog|am Files 26MNCSUNDownscaleConceptG1S \Example\Coarse SM_Dry_Prj tif

—Fine Grid Input TIFF Files

Digital Elevation Model: |C:\F‘rog|am Files feB6)NCSIUNDownscaleConceptGlS Bxample’ DEM tif

Slope: |C:‘\F‘roglam Files feB6NCSILNDownscaleConceptGlS'Example’.Slope tif
Aspect: |C:\F‘rog|am Files B6)NCSLUNDownscaleConcept G115 Example Aspect tif
Contributing Area: |C:‘\F‘rog|am Files (cB6)NCSUNDownscaleConceptGl S Example\Contrib Area tif

—Fine Grid Output TIFF Files

PSRI: |C:\F‘rog|am Files feB6)NCSIUNDownscaleConceptGlS Bxample’ PSREI_Dry tif

Saoil Moisture: IC:\F‘mgmm Files (B86NCSUN\DownscaleConceptGIS Example® Fine SM_Dry tif

Downscaled, Spatial Soil Moisture Estimation™

Run DownscaleConcept |
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8. Click the Save (E'b button on the dialog to save your soil moisture model file (using
*sme extension). This saves a text file containing file paths to all input files for
Downscale Concept as well as model parameters and running options.

r@ Save As

% L C\Program Files (xB6)\C5UNDownscaleConceptGIS\Example - ||

Organize = New folder 3= - @

Bl Desktop o Mame Date modified Type Size

& Downloads

“E| Recent Places Mo itermns match your search.

i

- Libraries
@ Documents

JF Music

[E=| Pictures

E Videos

18 Computer
a Local Disk (C:)
Y M P e (M1

=

File name: Demo_Dry.sme -
Sawve as type: | File *.sme v]
+ Hide Folders | Save | [ Cancel l

9. Opening a SME file in a text editor will return something like the following figure,
where the lines contain the version number, file paths to input files, and model
parameters or options respectively.

r a Y
El | | “» ¢ 5 | Demo_Dry.sme - WordPad [Elﬂlg
Home WView '@'
, ) P ) - ) ) )
) 4 [ e | i o 6 ]
Copy -

ﬁg‘ Replace

P
111}

Paste 2 - - = == i Picture Paint Date and Insert | ...
- B | |Ujabe X2, A = — == *  drawing time object | (CJi Selectall
Clipboard Font Paragraph Insert Editing
k.o
C:\Program Files (x86)\C53U\DownscaleConceptGIS\DownscaleConcept6d.exe
C:\Program Files (x86)\CS5U\DownscaleConceptGIS\Params.txt
C:\Program Files (x86)\C5U\DownscaleConceptGIS8\Example\CoarseSM Dry Prj.tif
C:\Program Files (x8¢)\C8U\DownscaleConceptGIS\Example\DEM.tif
C:\Program Files (x86)\CSU\DownscaleConceptGIS\Example\Slope.tif
C:\Program Files (x8¢)\C58U\DownscaleConceptGIS\Example\ContribArea.tif
C:\Program Files (x86)\C3U\DownscaleConceptGIS\Example\Aspect.tif

C:\Program Files (x86)\C3U\DownscaleConceptGIS\Example\PSRI Dry.tif
C:\Program Files (x86)\C8U\DownscaleConceptGIS\Example\FineSM Dry.tif
1.5128 544,757 5.841% 0.5 0.%651 4.134-0.3743

0.01 0.0135 0.01lcecbbbbobEebE0ET 4. 8652 1]

100% (=) - [} )

12



10. Under the Tools menu at the top of the dialog, other model parameters can be
viewed and adjusted.

a. Tools->Units Description... describes the units used for analysis.

" b
Units Description E@g

—GeoTIFF Files

Coarze Soil Moisture

Lhgital Elevation Model [m]

Slope [m/m]

Aspect [degrees clockwise from Maorth]
Contributing Area [m™2/m]

—Other Farameters

Potential Evapotranspiration (ET) [mmiday]

Wertical, saturated hydraulic conductiity, ksv [mmiday]
Horizontal, saturated hydraulic conductivity, ksh [mmiday]
Exponent parameter for lateral flow, gamma [dimensionless]
Sail porosity, phi [dimensionless]

Depth of soil for location with no curvature, delta [mmi]
“egetation exponent parameter for ET, beta [dimensionless]
Hypothetical cunvature for which location would have no sail, ki [m™1]
Minimum soil depth [m]

Minimum PSR value [dimensionless]

Minimum slope value [m/m]

e

b. Tools->Model Parameters... allows the user to view or specify the model
parameters that are conceptually linked to physical processes affecting soil
moisture levels.

- B
o=l Model Parameters E@g

ksv [mmiday]: |IEEIR
ksh [mmiday]: [944.797

gaImima: |5.E41EI'

phi: 0.5

delta [mm]:  |0.9651

beta: [4.134

k0: [0.3743

Set Defaults |

|pdate | Cancel |
A

13



c. Tools->Attribute Bounds... allows the user to specify minimum values for the

d.

Potential Solar Radiation Index (PSRI), which is calculated within
DownscaleConcept, and the slope. These attribute values are found in the
denominators of calculations within DownscaleConcept so their minimum
values must be greater than zero. A nominal minimum slope value is 0.5 /
cellsize. In this case the cell size Is 30 m.

i B
o5 Attribute Bounds E@g

Min. Soil Depth: [T
Min. PSRI: |0.0135
Min. Slope:  |0.0166666666666667
Set Defaults
Update |  Cancel |
A

Tools->Set File Paths... allows the user to specify the paths to the
DownscaleConcept executable file and the parameter file path.
DownscaleConceptGIS writes the parameter file prior to running
DownscaleConcept.exe.

Executable Path: IC:"\F‘roglElm Files fc86WCSUNDownscaleConceptGlS DownscaleConcept 64 exe _ﬁl
Farameter File Path: IC:‘\F‘roglam Files pcBB)"CSUNDownscaleConceptGl 54 Params bd _ﬁl
Temp Directory: IC:‘\F'roglam Files (x868CSIMDownscaleConceptGl S'temp™ _E]

14



e. Another option within DownscaleConcept is to truncate downscaled soil
moisture estimations at soil porosity. This can be done by checking Tools-
>Truncate SM at Porosity.

Downscaled, Spatial Soil Moisture Estimation =1

File | Tools | About

[ Units Description...

—Site-9 Model Parameters...

Pot
© Attribute Bounds...

—Coaré Truncate 5M at Porosity |

Coars Set File Paths... CSUhDownscaleConceptGlS Bample'Coarse SM_Dry_Prjtf LI _EI
—Fine Auto Load Output

Digita mﬂmm:SU\DownscaIeCcncepiGIS\E:EmpIe\DEI'U'I.t'rf LI _DI

Slope: |C:\Program Files (<86)\CSL"\DownscaleConceptGlS\Example'\Slope i =] il

Aspect: [C:\Program Files (BE)\CSU'\DownscaleConceptGlS'\Example'\Aspect tf -] &

Contributing Area: IC:"\F‘roglElm Files (e86\C5UNDownscaleConceptG15hExample\Contrib Area tif LI _EI
—Fine Grid Output TIFF Files

PSRI: |C:"\F‘rog|am Files (e86/\C5UNDownscaleConceptG15'Eample’ P SRI_Dny tif _EI

Soil Moisture: IC:‘\F‘roglElm Files (e86/\CSLNDownscaleConceptGlShExampleFine SM_Dny tif _DI

DoCon - Demo_Dry.sme
Run DownscaleConcept |

f. Hovering over any of the model parameters in the above dialogs will prompt
a balloon to pop up, describing the parameter.

- B
o=l Model Parameters Elﬂlg

ksv [mmiday]: |IEEIR
757

phi = soil perosity |g
K 0.5

delta [mm]:  |0.9651

beta: [4.134
k0: [0.3743

Set Defaults

Update |  Cancel L
2

15



g. Clicking About brings up a description of the tool.

-

.
About DownscaleConceptGUI DownscaleConceptGUL e e

DownscaleConcept

Version 1.0.0.0

Copyright ® Colorado State University 2011
Colorado State University

Calculates downscaled, spatial soil moisture based =
on coarse soil moisture estimates and temain
features.

11. Save the *.sme file again. Then, click “Run DownscaleConcept” at the bottom of the

dialog box to calculate the downscaled soil moisture estimates.

Downscaled, Spatial Scil Moisture Estimation

File Tools About

=

—Site-Specific Constants

Potential ET [mm/day]: |4.8652

—Coarse Gnd Input TIFF File

Coarze Soil Moisture: |C:\F‘rog|arn Files {236\CS NDownscaleConceptGlS Example®Coarse SM_Dry_Prj tif

—Fine Grid Input TIFF Files

Digital Elevation Model: |C:\F‘roglam Files (B6)NCSLNDownscaleConceptGISYExample  DEM tif

Slope: |C:\Program Files (<B6)'\CSL"\DownscaleConceptGS'\Example'\Slope tif

Aspect: |C:\F‘roglam Fileg feB6)NCSILNDownscaleConceptGlS'Bxample® Aspect tif

Contributing Area: |C:\F‘rog|am Files feB6)NCSINDownscaleConceptGlS'Bxample’ Contrib Area tif

—Fine Grid Output TIFF Files

PSRI: |C:\F‘rog|am Files feB6)NCSIUNDownscaleConceptGlS Bxample’ PSREI_Dry tif

Soil Moisture: |C:‘\F‘rog|am Files GcB6)NCSUNDownscaleConceptGl S Example’Fine SM_Dry tif

DoCon - Demo_Dry.sme

> . OourscoiCorcer |

16



12. A console window will display while DownscaleConcept is running:

B " ChProgram Files (x86)NC5UNDownscaleConceptGIS\DownscaleConceptfd.exe | = | (=] i?_]

13. When the tool finishes calculating, the output should look like similar to the following
figure, although the console window will close immediately after finishing:

BA Administrator: Command Prompt |ﬂlﬁj

Truncating estimated values at porosity.
Spatial means of estimated values will not match
coarse scale values provided.

Finizhed szuccessfully.

Differences hetween CoarseGrid average soil moisture values
and FineGrid so0il moisture values:

Mean Absolute Error 7.1532e—806

Mean Hormal Error 6. 7144e—B06

Hoot Mean Sguared Error L .7175e—8085

&

14. If the output TIFF files are not automatically loaded into ArcGlIS, then either an error
occurred in DownscaleConcept or in pulling output into ArcGIS. One solution is to
make sure all input TIFF files are in GeoTIFF format, exported from TauDEM or ArcMap.
All fine-scale topographic rasters must be exactly the same size, containing the same
amount of rows and columns with the same cellsize and spatial reference. Also,
ensure that none of the input files found temporary directory are loaded within
ArcGIS (Temp files are copied to the location shown in Tools->Set File Paths..., and
then DownscaleConcept.exe executes calculations on the temporary files, and then
temporary files are deleted. This process cannot be done when these temporary files
are loaded within ArcGIS because ArcGIS places a lock on any file open within its
framework).

17



3.2.2 Command line version

Two executable files, “DownscaleConcept32.exe” and “DownscaleConcept64.exe”, are
distributed with DownscaleConceptGIS and can be found in the “Program Files\CSU\
DownscaleConceptGIS” folder on the host machine. The appropriate executable file for the
central processing unit of the host machine may be run from the Windows Command Line
Prompt or by double-clicking on a batch file. To run DownscaleConcept from the command line,
the user must provide seven file names, representing the model parameter file, four input
GeoTIFF files and two output GeoTIFF files. The file names must be provided in the following
order: model parameters, coarse soil moisture, elevation, slope, specific contributing area, aspect,
fine-scale PSRI, and fine-scale moisture estimate.

3.221 Input file format

When running DownscaleConcept from the command line the user must first specify the name of
the file containing the model parameters. This file is a standard text file and the default
parameter values are provided in the file named “Params.txt” in the installation directory. The
format of the file is shown in the below screen capture (A “%” sign at the beginning of a line
indicates a comment, and values are delimited by white space, either spaces or tabs):

F 5

File Edit Format View Help

%Parameter file -
1st Row:
ksv: wertical saturated conductivity [mm/day]
ksh: Tateral saturated conductivity [mm/day
gamma: exponent parameter for Tlateral flow
phi: 5011 porosit¥
d0: depth of soil for Tocation with no curvature, [m]
beta: vegetation exponent parameter for evapotranspiration
k0: hypothetical curvature for which location would have
no soil, [mA-1]

2nd Row: =
minDepth: Minimum soil depth 7
minPSRI: Minimum PSRI value
minslope: Minimum slope value
PET: Estimated annual daily average Potential ET value

for entire region [mm/day]
truncatesm: 0 if not truncating; 1 it user desires to truncate
5011 moisture values
x1: unassigned value (must have a number here though)
x2: unassigned value (must have a number here though)

L9128 944,797 5.8419 0.5 0.9651 4.134 -0.3743
.01 0.0135 0.0166666666666667 4.8652 1 0 0

[=lak e e e R R

The remaining file names provide locations for the coarse-scale soil moisture grid, the fine-scale
topographic grids and the output files. The requirements for the coarse-scale moisture and
topographic attribute input files are discussed in Section 3.1 above.

3.2.2.2 Command line usage

DownscaleConcept can also be run from a batch file and an example batch file
(“RunDownscaleConcept.bat™) is included in the installation directory. Batch files are simply
text files with a list of command line actions to perform. Command line prompts must follow the

18



pattern below (brackets ‘[* and ‘]’ indicate optional parameters, if running on a 32-bit processor,
replace DownscaleConcept64.exe with DownscaleConcept32.exe):

[<path\>]DownscaleConcept64.exe “[<path\>]<Params text filename>"
“[<path\>]<Elevation GeoTIFF filename>”

“[<path\>]<CoarseSoilMoisture GeoTIFF filename>”
“[<path\>]<Slope GeoTIFF filename>"
“[<path\>]<ContributingArea GeoTIFF filename>”
“[<path\>]<Aspect GeoTIFF filename>”
“[<path\>]<OutputPSRI GeoTIFF filename>”
“[<path\>]<OutputSoilMoisture GeoTIFF filename>”

Different input file paths must be separated with a space at the command line. If a file path
contains a space within its name then the file path must be enclosed in double quotation marks
(e.g., “File Path Containing Spaces.txt”). For an example of a command line prompt that runs
DownscaleConcept, open “RunDownscaleConcept.bat” with any text editor. The following
screen capture shows the command prompt window when running the command line version
using the files in the Example subdirectory. The command prompt below shows a general form
when the current directory contains “DownscaleConcept[64 or 32].exe.” Quotations are only
required around file paths containing spaces.

Bl Administrator: Command Prompt |£|E|éj

Microsoft Windows [Wersion 6.1.76H11
Copyright <c? 2009 Microsoft Corporation. All rights reserved.

U :=~>C:
C:nood YC:sProgram Files (x862>~CEU~DownszcaleConceptGIS™

C:“Program Files (x86>~CEU~DounscaleConceptGI8>DownscaleConceptbd.exe " .~ Example
AParams .txt" "'_/ExampleCoarseSM_Dry_Prj.tif" "_/Example~DEM_tif" " .~/ Example~5lo
pe.tif " . /Example/ContribArea.tif" “'_/ExamplesAspect.tif" "'./Example- PSRI_Dry.t
if" . /ExamplesSMEst_Dry.tif"
Truncating estimated values at porosity.
Spatial means of estimated values will not match

coarse scale values provided.

Finizhed successfully.

Differences bhetween CoarseGrid average soil moisture values
and FineGrid so0il moisture values:

Mean Abzolute Error 7.1532e—806

Mean Hormal Error 6. 7144e—B06

Hoot Mean Squared Error L .7175e—805%

C:“Program Files (x86>~CESUDounscaleConceptGIS>
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3.3 Outputs

Outputs of DownscaleConcept, whether run through DoConGIS or from the command line, are
GeoTIFF files for the fine-scale soil moisture and the potential solar radiation index (PSRI)
pattern. The fine-scale soil moisture estimate provides soil moisture estimates for the specified
date at the spatial resolution of the provided topographic attributes. The estimate has the same
units as that of the coarse moisture pattern, [L%L%]. The extent of the estimate is that of the
intersection of the coarse-scale moisture and the topographic attributes provided. A second
output from DownscaleConcept is the PSRI pattern with the same extent and resolution as the
other topographic attributes. PSRI is calculated and used by DownscaleConcept to generate the
fine-scale moisture pattern and is provided as output for reference. The PSRI represents the
potential insolation available on a sloped surface relative to that of a horizontal surface at the
same location on the winter solstice date.

3.3.1 Viewing Outputs in ArcGIS

DoConGIS automatically loads output files into ArcGIS after running DownscaleConcept when

Tools->Auto Load Output is checked. If for some reason output files do not load, viewing the
outputs will require some post-processing. Since GeoTIFF files do not store a tag for a NoData
value (a GeoTIFF file may look as if it contains a NoData value within ArcGIS, but NoData
values are actually stored within *.aux files), a filtering process is required for ArcGIS to read
the output rasters. Instructions below discuss how to view the data in ArcGIS.

1. In ArcMap, right-click on the data frame in the table of contents and select Add

Data...
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2. Browse to the folder containing your outputs and add the outputs to the map. Select
Yes when ask to build pyramids.

om0 W
Lok in: ID Example j EI &lﬁl&l ae %EE

i Aspect.tif B8 PSRI_Wet2 tif
CoarseSM_Dry_Pritif B Slopedtif
CoarseSM_Wet2 Prj.tif
CoarseSM_Wet_Prjtif

ContribArea.tif

i FineSM_Wet2.tif

-
Show of type: IDataseis and Layers k) j Cancel |
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ArcGIS will automatically assign large lower and upper bounds to the outputs. To fix
this, right-click on the layer in the table of contents to open its Properties window and
select the Symbology tab. Select Classified in the field on the left. Click Yes when
asked to compute a histogram.

-

Layer Properties

General ] Source ] Bxtent ] Display Symbology l Fields ] Joins & Relates
Show:

Unique Values

Stretched

Draw raster stretching values along a color ramp Import...
~
Color Value Label
High : 3.40282e+038
1 I

i« 1 I"1

C te Histo
omputegiogram

m

:I Histogram doesn't exist. Do you want to compute histogram?

Yes Mo
. 1 TYPE, o s | LRLLEARE LS = = |J
[ Invert
—  — S
oK Cancel
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4. Press OK, and the output may look bad initially... like the below figure. This is because
of the unrecognized NoData value.

J File Edit View Bookmarks Insert Selection Tools Window Help

B R ] e I AL =R
|[BBEEBCH BB |86 |q|

JEsto[" 3 g
jl@eansuonees Fanonsa’ ng|
| Spatial Analyst | Layer. [PSRI_Wet2if - B ‘

= £F Layers
B |
<VALUE>
N 3.402823e+038
[]-3.402823e+038 - 1611108
PSRI_Wet2.tif

# = Tashi [ Create New Feature ]

|46

P T—

Display | Source | Selection

[6g ArcToolbox B
-8 30 Analyst Tools

& Analysic Tools

-89 Arc Hydro Tools

@ Cartography Tools

&9 Conversion Tools

48 Coverage Tools

9 Data Interoperability Tools
-89 Data Management Tools
& Geocoding Tools

-89 Geostatistical Analyst Tools
&P Linear Referencing Tools
-6 Mobile Tools

9 Multidimension Tools

&89 Network Analyst Tools

@ samples

& Schematics Tools

48 Server Tools

@ Spatial Analyst Taols il - ]
-8 Spatial Statistics Tools iy

Favortes [Index | Search | Resuls R [+
|Qrawing'k".‘(@||:|'A'[:‘:|@Aria\ [0 < Bz U|AY Ay Ev o~

1

Tl

[ (406019285 3600287.022 Meters
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5. DownscaleConcept nominally exports NoData in the GeoTlFF file as a negative
number. In order for ArcGIS to recognize this number, a new grid will be calculated
using a condition. There are many ways to do this in ArcGIS, but a simple way is to
open ArcToolbox->Spatial Analyst Tools->Conditional->Con. Place the output fine-
scale soil moisture grid into the first and third fields and place “Value >= 0” in the
second field like so:

“'@ == X _|

Input conditional raster Qutput raster
| FineSM_Wet2 tif x| =

Expression {optional) The raster to be
|1.-'alue »=1 =] created.

n
a
=

Input true raster or constant value

| FineSM_Wet2.tif - &
Input false raster or constant value (optional) -
| RN
QOutput raster T
| m Files (x86)\CSU\DownscaleConceptGIS \Example \FinesM. i =

oK | Cancel Environments... | << Hide Help | Tool Help
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6. The following raster will automatically be added to your map session, which looks
much better.

J File Edit View Bookmarks Insert Selection Tools Window Help

DEE& & 2BaX|o | $|Eea "@7‘@353"|k?_!m|
|@ @ & CE|@ B0 ]| g

JEd\to[" 3 g
jl@eansuonees Fanonsa’ ng|
| Spatial Analyst = | Layer: [PSRI_Weiz# - B ‘

# = Tashi [ Create New Feature ]

= £F Layers
-
Value
High: 161111

Low : 0302318
= FineSM_Wet2 tif
<VALUE>
BN -3.402823e+038 - 1.611108
B PSRL Wet2.tif

P T—
Display | Source | Selection

=& Spatial Analyst Tools -
=8 Conditional

&

g Pick

A Set Null
@ Density
&y Distance
&y Bxtraction
&y Generalization bl
& Groundwater
&y Hydrology
& Interpolation
&y Local
& Map Algebra
& Math
&y Multivariate
&y Neighborhood
&y Overlay
& Raster Creation

&y Reclass il
Favortes [Index | Search | Resubs @ o e I
| Drawing~ & 0 | O~ A~ (% |[ig] Al it =] Bz U|Av B b e~

m

Tl

[ [414946.6 3600287.022 Meters
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Appendix A Acquiring ASTER elevation data

A digital elevation model (DEM) is used to calculate the topographic attributes required by
DownscaleConcept. ASTER global DEM data is available for most parts of the world and can
be downloaded from the internet at the URL.:

http://www.echo.nasa.gov/reference/astergdem tutorial.htm.

For convenience, directions for downloading ASTER data have also been transcribed here:

1. Go to https://wist.echo.nasa.gov/api/ and login to your account (you must be a
registered user).

2. Select the following options in the search Page:

a. From Land Discipline: Select [ASTER] (This will populate the Category box
definitions)

b. From Category box: Select [ASTER Global Digital Elevation Model V001]

Choose Keywords for One or More I—TMEI
Categories Help

Pick a discipline/topic (for exarmpie: Atmasphane: TRMM), then choose from the list of dala sefs.
For multipie fopics: chopse one fopic & data sets, then the nexf fopic & dala sefs.
To zales oot move than one dafa sel, vse Cir-click for PCs; Apple-click for Macintosh.

-
ASTER Expediced L1A Reconstrucced Unprocessed Inst

the Ser

View Data Set Defintion | Choose Data Set Keywords |

Atmosphere: Cryosphere: Land: Oceans: Solar/Other:
T agua AIRS/IAMSU-AHSE © MISR C AMSR/AMSR-E © AMSRUAMSR-E © AMSRIAMSR-E © ACRIM
C AMSR/AMSR-E C MLS/Aura © GLASNCESat 1 ASTER © GLASACESat € Fieldin Sity
© CALPSO O MODIS Aqua C MODIS/Aqua  © GLASACESat O MODISAgua O Sociceconomic
T CERES/Aqua C MODISTerma C MODISMerra  © Landsat 15 © MODISTerrs  © SORCE
' CERES/Tema C MOPIT C sAR € Landsat T C UARS
C CERES/TRMM T NOAA AMSU-AMSU © sShn ' MISR
' Fieldfin Situ O OMUALra C MODIS/Agua
C Fssp C SAGE € MODISTera
T GLAS/CESat C SSMn
C GOES O TES/Aura
C HIROLS/Aura C TOMS
C HRIRMRIFUTHIR O TOVS
C LIGHTNING C TRMM
C LMS C UARS
" MERRA

"By Discipline” not responding? Use the pon-javascnpt version
@ By Discipline O By Categories/Attributes Try Mel O By Keywords

3. Choose search area parameters: location or region
4. Scroll to the bottom of the page and select “START SEARCH”

a. Note that you can only search for 1000 granules at a time. If there are more
granules that match your query, you will be first presented with the dataset
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results to your query. From this page, check the box next to the ASTER GDEM
dataset and press the "List data granules” button to view your result granule
listing.

b. To find more than the 1000 granules returned, it is recommended that you
refine your search parameters.

Proceed to “Step 1” and select your desired granules. Select an area greater than
your area of interest because edge effects can be significant while calculating
contributing area. The following figure displays the area of interest compared to the
downloaded DEM coverage. Notice that four DEMs were downloaded to cover the
area of interest.
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Map of Afghanistan

o ;Mazqr e SH’ayiff_ Sy

o I S

/ Kandahar

Downloaded DEM Data

Area of Interest
for Soil Moisture Estimation

Press the “Add selections to cart” button to create your order contents.
Accept the Data Quality Summary Disclaimer.

Choose ordering option for data retrieval. WIST will report that the granules are not
orderable if you have not logged in as a registered user.

Check appropriate policy acknowledgements (required fields)
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10.

11.

12.

13.

14.

15.

16.

If desired, select a different option to applying the order options to all granules or
saving as order preference.

Proceed and select “Next Step”. The data granules will now be accessible in your
shopping cart.

Select “Go to step 2: Order Form”

You may be asked to fill out address location and billing information for verification.
No charge will be associated with GDEM data archives.

Select "Submit Order Now!" to process your order.
Wait for email confirmation to retrieve data via FTP.

Follow email directions to retrieve data.
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Appendix B Acquiring TauDEM 5 software

The TauDEM software is free software produced by Utah State University that is useful for
calculating the topographic attributes required by DownscaleConcept. TauDEM can be
downloaded from the following URL.:

http://hydrology.usu.edu/taudem/taudem5.0/index.html.

That website also provides instructions for installing and using the TauDEM software. Note that
TauDEM also requires installation of a message passing interface software, MPICHZ2, and the
above-referenced website also provides instructions for obtaining and installing that software as
well. The TauDEM instructions about adding the MPICH software to the user’s search path
were unclear. Therefore, additional instructions for this part of the installation are found below:

1. Click Start->Right-click Computer->Properties->Advanced System  settings-
>Advanced tab->Environment Variables... Navigate within the “System variables” to
find “Path” in the “Variable” field as shown in the screenshot below.

-
Environment Variables ‘ [éj

User variables for hambre

Variable Value
TEMP c:\temp
TMP c:\temp
||
[ new.. |[ Edt. |[ Delete

System variables

Variable Value

] Windows_NT

Cowindows\system32; C: \Windows; C:\,..
|| PATHEXT JCOM;, EXE;.BAT; . CMD;.VBS; VBE;. J5;....
|| PROCESSOR_A... AMD&E4 i

’ New... ][ Edit... ][ Delete ]

I [ OK ] ’ Cancel ]

2. Click Edit... below the System variables. Add “;C:\Program Files\MPICH2\bin” to the
end of the values in the “Variable value:” field.
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- . X

Variable name:

Variable value: auDEMSexe;iC:

If ArcGIS was running during the installation of TauDEM, close and reopen it before using
TauDEM.
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Appendix C  Terrain Characteristics - Calculations

DownscaleConcept requires terrain information such as contributing area, slope and aspect to
downscale a coarse soil moisture estimate. In order to determine topographical characteristics, a
DEM must be downloaded, manipulated, and utilized in terrain characteristic calculations. A
sample tutorial for processing data through TauDEM is found in the sections below.
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C.1 Manipulate DEM data for placement into TauDEM

Prior to calculating terrain characteristics, a few pre-processing steps should be considered. In
order to minimize the impacts of underestimating contributing area calculated for the area of
interest (e.g., having a watershed much larger than the downloaded DEMS), it is suggested that
the initial DEM extend beyond the area of interest during the DEM topographic analysis. The
DEM can then be clipped to the area of interest after the analysis. The user may need to connect
(“mosaic”) multiple smaller DEMs together to obtain a single DEM extending beyond the area of
interest. This may be accomplished in ArcGIS as well. Note that DEM extents that are too large
and/or resolutions that are too fine may lead to computer memory issues.

1. Open the ArcMap file that was started in Section Error! Reference source not found., if
not already open.

2. Right-click the data frame (“Downscaled Soil Moisture Estimation”) in the table of
contents->Add Data... Browse for the downloaded DEM data and click Add. Do this
for all the DEM grids that you downloaded. On the Tools toolbar (shown below - if it
not displayed, right-click on the grey space where other toolbars are located and

select “Tools” on the drop down list), click the world O symbol to zoom to the full
extent of all the data.

" Tools
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3. For convenience, define a group layer by right-click on the data frame->New Group
Layer. Double-click the New Group Layer and change its name to Small DEMs.
Highlight all the DEMs again and drag them into Small DEMs. Now, drag Small DEMs
below the coarse soil moisture grid so that the coarse soil moisture grid displays

above the DEMs.

- Table?ﬂonterﬂ:

SR

HEHBEEHBHGEEH

o £ Downscaled Soil Moisture Estimation

CoarseSM_Wet.tif
Small DEMs

KEEEEEREREE

ASTGTM_M22E063_dem.tif
ASTGTM_M33E062_dem.tif
ASTGTM_MNI3ED61_dem.tif
ASTETM_M32E063_dem.tif
ASTGTM_M32E062_dem.tif
ASTGTM_M32E061_dem.tif
ASTGTM_MIL1EDG3_dem.tif
ASTGTM_M31E062_dem.tif
ASTGTM_MZ1E061_dem.tif

Display I Source I Selection I

4. A histogram of the data in the DEMs needs to be evaluated. Therefore, double-click
on each of the DEMs within the table of contents (on the “Display” tab) to open their
associated Layer Properties. Open the Symbology tab, and select Classified in the
“Show:” field to the left. It will ask you if you want to compute a histogram. Click Yes.

Layer Properties

General I Source I BExtent | Display Symbology | Fields I Joins & Relates I

Show:
Unigue Values

Stretched
Discrete Color

|Draw raster stretching values along a color ramp

Import... |

Value Label

| High : 32767

[ Invert

-

OK

Apply

5. Now that the histogram has been computed, go back to Stretched in the Show field

by clicking on it.
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6. Right-click on the Color Ramp list box and uncheck Graphic View. Then, select
Elevation #1 in the drop-down list. Click OK.

7. Repeat this process for every DEM that you downloaded.

8. Once you completed the process, you should have a view that looks like this:

JEUE Edit View Bookmarks Insert Ealction Tools Window Help
|DEES & 2B |w o 1 Se0n | @aqiun@es Torhens s I8N
|RREEEDE| @R o |®E | g

= £# Downscaled Soil Moisture Estimation

CoarseSM_Wet tif

=
ASTGTM_N33E063_dem.tif
ASTGTM_N33E062_dem.tif
ASTGTM_N33E061_dem.tif
ASTGTM_N32E063_dem.tif
ASTGTM_N32E062_dem.tif
ASTGTM_N32E061_dem.tif
ASTGTM_N31E063_dem.tif
ASTGTM_N31E062_dem.tif
ASTGTM_N31E061_dem.tif

Display | Seurce | Selection

-8 Data Comparison -
& Database

- & Disconnected Editing

#1-&& Distributed Geodatabase

-8 Domains A
- & Feature Class

-85 Features

-8y Fields
E
E
E
E
B
E
B
E

m

]--@ File Geodatabase

-8 General

i G Generalization
1§ Indexes
-85 Joins
-8 Layers and Table Views
i@ Projections and Transformations
& Raster
&y Raster Catalog
@ Raster Dataset
=& Raster Processing
A Clip
-4 Composite Bands .
0 ] v =

‘

[

Favortes | Index | Search | Results ja o2« [+
JDrawmg'K'i?J@“:l'A'E|@Ana\ A0 -] Bz ulAr Hy Sy ¢~

| 62719 34.15 Decimal Degrees
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9. Now, mosaic the adjacent DEM pieces together. Open ArcToolbox (shown in the
lower left in the figure above). Open Data Management Tools->Raster->Raster
Dataset->Mosaic To New Raster. Fill the form out similar to the following figure. Ensure
that the Raster dataset name has the extension *.tif, because TauDEM only processes

this file format (TIFF).

o+ Mosaic To New

Input Rasters

< ASTETM_M33E063_dem. tif
£ ASTETM_M33E062_dem. tif
< ASTETM_M33E061_dem. tif
£ ASTETM_N32E063_dem. tif
7 ASTGTM_N32E062_dem. tif
£ ASTETM_M32E061_dem. tif
£ ASTETM_M31E063_dem. tif
£ ASTETM_N31E062_dem. tif
£ ASTETM_N31E061_dem. tif

Output Location

I C:'\Projects\DoCon'\GIS\DEM

Raster dataset name with extension

[ [ [x |+ |&

%

| DEM. tif
Coordinate system for the raster (optional)

Pixel type {optional)

| 32_BIT_FLOAT
Cellsize (optional)

Mumber of bands

Masaic Method (optional)

|LasT
Mosaic Colormap Mode {optional)

[FrRsT

—

Cancel En'u'irunments...l << Hide Help |

Mosaic Method (optional)

The method used to mosaic
overlapping areas.

¢ FIRST—The output cell
value of the overlapping
areas will be the value
from the first raster in the
list.

LAST—The output cell
value of the overlapping
areas will be the value
from the last raster in the
list. This is the default.

BLEND—The output cell
value of the overlapping
areas will be a blend of
values that overlap; this
blend value relies on an
algorithm that is weight
based and dependent on
the distance from the
pixel to the edge within
the overlapping area.

MEAMN—The output cell
value of the overlapping
areas will be the mean

Tool Help

10. Close the output message box.
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11. In the table of contents, right-click the new layer name and click Properties... Go to
the Symbology tab. Right-click on the Color Ramp and uncheck Graphic View. Then,
select the Elevation #1 color ramp from the drop-down list. Click OK.

J File Edit View Bookmarks Insert Selection Tools Window Help

|DEE&|s 2 B0+ I &aa0xw @@ 0@ed Bokon s’ 25 3

| @& @

B Y T @|m'|”m|

= £F Downscaled Soil Moisture Estimation
=@ [

Value

" High : 3895

=2 Low : 410
CoarseSM_Wet.tif
= Small DEMs
ASTGTM_N33E063_dem.tif
ASTGTM_N33E062_dem.tif
ASTGTM_N33E061_dem.tif
ASTGTM_N32E063_dem.tif
ASTGTM_N32E062_dem.tif
ASTGTM_N32E061_dem.tif
ASTGTM_N31E063_dem.tif
ASTGTM_N31E062_dem.tif
ASTGTM_N31E061_dem.tif

Doy [ S | Selecion|

%

& Joins

-8 Layers and Table Views

&y Projections and Transformations
D--@ Raster

-8 Raster Catalog

15 Raster Dataset

-4 Copy Raster

A Create Random Raster
47 Create Raster Dataset
A Massic

g7 Mosaic To New Raster

4 Workspace To Raster Dataset
=-& Raster Processing

A Clip

- Composite Bands

A+ Create Ortho Corrected Raster D
- Create Pan-sharpened Raster Da
A Extract Subdataset

- Resample

(18 Raster Properties

. ] r

A Raster Catalog To Raster Dataset|

7 —
Favortes | Index | Search | Results

faom 24

el

|grawmgvk'-7.‘:§3|D' A't.'.-';”@_mfn -0 -] Bz u|A~ &'i'."‘

12.

13.

14.

| |60.63 34142 Decimal Degrees

Up until now, the DEM data has been in an un-projected, Geographical Coordinate
System. Also, the coordinate system may very well be undefined. Therefore, right-click
the data frame “Downscaled Soil Moisture Estimation” in the table of contents, click
Properties... On the Coordinate System tab, see if the Current coordinate system is
defined. If so, click Cancel. If not, go to “Select a coordinate system”. Predefined->
Geographic Coordinate Systems-> World ->WGS 1984 or a different, more applicable
geographical coordinate system to area of interest.

For use in DownscaleConcept, a projected coordinate system is required. Therefore,
project the new DEM to a coordinate system associated with the specific area of
interest. For Afghanistan, the WGS 1984 UTM Zone 41N is applicable. Open the
ArcToolbox, and click on Data Management Tools->Projections and Tranformations-
>Raster->Project Raster.

Place the DEM into the Input Raster field.
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15. Select an output file path for the projected raster, and ensure that the file has
extension *.tif because DownscaleConcept requires TIFF files as input. Note that
TauDEM requires TIFF files as well if using it for topographic analysis of the DEM
characteristics.

16. Click the | symbol next to Output Coordinate System.

Spatial mmi

Y Coordinate System I Z Coordinate System I

Name: IUnknuwn

Details:

elect Select a predefined coordinate system.
Import a coordinate system and X, £ and M
Import... domains from an existing geodataset (2.q..

feature dataset, feature class, raster).
Create a new coordinate system.

Madify... Edit the properties of the cumently selected

e

coordinate system.
Clear Sets the coordinate system to Unkcnown.
Save bz Save the coordinate system to a file.
QK Cancel Applhy
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17. Press Select... Navigate to Projected Coordinate System->UTM->WGS 1984-> WGS
1984 UTM Zone 41N.prj (Remember this projection is applicable to Afghanistan, not
necessarily your application.

r N
s et QI et

Lookin: |7 WGS 1984 ~| o] colse|es| = #(s8] |
@ Catalog UTM Zone 445.prj &
? - UTM Zone 45N.prj i)
[ (i ) -
(@ U:\Andre Docs'\Classes\CIVEST7\Maps UtM 20ne455.pr_|. @
9 @ ArcWeb Senvices UTM Zone 46M.prj i)
¢ & Coordinate Systems UTM Zone 465.prj @
1 Projected Coordinate Systems UTM Zone 47N.prj &
3 UM UTM Zone 475.p1j i)
&3 4 UTM Zone 48N.prj i)
(3 Database Connections UTM Zone 485.pr {f
[ Database Servers
1 GIS Servers i b
g Interoperability Cornections
Name: [== Scalar References
Search Result
e % Tooboxes R Carcel_|
Tracking Connections

18. Choose either the CUBIC or BILINEAR option as the Resampling Technique because
these are the most suitable for DEM data.

19. Choose the desired cell-size. It is suggested not to make the cellsize larger. Making it
smalller, though, may increase processing time significantly. The figure below displays
the difference between an unprojected coarse grid and a projected finer grid
(remember that this finer grid is no more accurate than the original coarse grid’s
accuracy and can also increase both the processing time and run into memory
issues during runtime that may result in crashing your computer)...

e ::'t.ﬁlcm -
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20. Ensure that the final Project Raster form looks similar to the figure below and press OK.

" n T T

Input Raster Output Coordinate
| TotalDEM -] System

Input Coordinate System {optional)

| Gos_was_1984

Output Raster Dataset

I C:\Projects\DoCon\GIS \Inputs{TotalDEM_Prj. tif
Output Coordinate System

| WGs_1984_UTM_Zone_41N

The coordinate system for the
geometry column.

The default is the same as in the
Spatial Reference Settings
environment.

B v 3 |

Geographic Transformation (optional)

KN ENESE 3

Resampling Techingue (optional)

| cuerc |
Output Cell Size (optional)

| 28.689938 ﬂ
Reaqistration Point {optional)

¥ Coordinate ¥ Coordinate

- -

oK I Cancel | Envirunments...l << Hide Help | Tool Help |

21. Add a new group layer, name it Big DEMs, and place it under the coarse soil moisture
grid. Drag the two DEMs (unprojected and projected) into the group layer.
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22. Applying the same color ramp to this raster image as the un-projected one, the
display should look like the below figure.

J File Edit View Bookmarks Insert Selection Tools Window Help

|IDEE&| 4 B BX|n | b {12 i Ee0RW | Qannnees N honal I8N
| BB EREE| BB ||
= El

=l £# Downscaled Soil Moisture Estimation
CoarseSh_Wet.tif o e . !-:-\ .
= B Big DEMs ,
[ DEM.tif
O Small DEM=

Display | Source | Sslection

&y Distributed Geodstabase -
- & Domains
& Feature Class
-8 Features
& Fields
-8 File Geodatabase
&5 General
@ Generalization
&y Indexes
@ Joins
#-&p Layers and Table Views
=1-& Projections and Transfarmations
-8 Feature
- & Raster
- Flip
A Mirror
4 Project Raster
¥ Rescale
-4 Rotate
- Shift
A Warp g
m | [
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C.2 Geo-Processing with TauDEM

TauDEM is used to calculate slope and contributing area for each cell within the DEM. To run

TauDEM follow the instructions below...

1. Open ArcToolbox.

2. If you haven’t added TauDEM Tools, right-click in the white space in ArcToolbox,
select Add Toolbox... and browse to Taudem in the Program Files directory (if you

installed it already). Highlight TauDEM_Tools and click Open.

3. Within ArcToolbox, open TauDEM Tools->Basic Grid Analysis->Pit Remove. Place the

projected DEM as the Input Elevation Grid.

a. Enter input number of processes consistent with how many processors your
computer has. If you don’t know how many processors your computer has,
open your task manager and go to the Processes tab. The number of
windows within the CPU Usage History field is the number of processors your

computer has. The figure below shows 4 processors.

'8 Windows Task Manager ’ |
: . ]

ol o |

File Options View Help

Applications | Processes | Services Performance Metwaorking | Users

CPU Usage

CPU Usage History

- ' R R
ELFL Y I 1 T O
L h .J' '\ TR

I Memory Physical Memory Usage History

Physical Memory (MB) System

Total 8183 Handles 13921

Cached 2137 Threads 616

Available 5873 Processes 44

Free 3925 Up Tirme 0u00: 14:38
Commit (GE) 1/9

kernel Memory {ME)

| Paged 305
Monpaged 39 Resource Monitor...

r Processes: 44 CPU Usage: 1% Physical Memory: 28%
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b. Click OK. Running Pit Remove should take a couple minutes. If it is taking
longer, there might be a memory issue and a DEM with coarser resolution may

need to be processed instead.

Input Elevation Grid
| DEM_Pyj |
Input Mumber of Processes

Qutput Pit Removed Elevation Grid
| C:\Projects\DoCon\GIS\DEM\DEM_fel. tif

& o &

-

QK I Cancel | Environments...l <« Hide Help |

i ™
e i TR 00000 2 THEENS. —Cwie

Qutput Pit Removed Elevation Grid

A grid of elevation values with pits removed so that flow is
routed off of the domain. Pits are low elevation areas in
digital elevation models (DEMs) that are completely
surrounded by higher terrain. They are generally taken to
be artifacts of the digitation process that interfere with the
processing of flow across DEMs. So, they are removed
by raising their elevation to the point where they just
drain.

Tool Help |

4. Then, in TauDEM Tools, click on Basic Grid Analysis->D-Infinity Flow Directions, which
tends to have better results than D-8 Flow Directions and produces slope and angle
of flow direction as an output. Place the DEM with filled pits as the input raster.

Input Pit Filled Elevation Grid
| DEM _fel tif
Input Number of Processes

&Duu:lut D-Infinity Flow Directions Grid
I C:'\Projects\DoCon\GIS\TerrainChar \FlowDir, if
Output D-Infinity Slope Grid
| C:\Projects'\DoCon\GI5 TerrainChar\Slope) tif

OQutput D-Infinity Slope Grid

A grid of slope evaluated using the D-infinity method
described in Tarboton, D. G., (1997), “A New Method for
the Determination of Flow Directions and Contributing
Areas in Grid Digital Elevation Models,” Water Resources
Research, 33(2): 309-319. This is the steepest outwards
slope on one of eight triangular facets centered at each
grid cell, measured as drop/distance, i.e. tan of the slope
angle.

Tool Help |

5. Click OK. This process may take an hour or two depending on the extent and
resolution of the DEM. With a DEM the size used in this example (9 smaller grids
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connected), a 64-bit quad-core computer processing using 3 processes at 2.67 GHz
took 2.5 hours to finish the task. The following console should pop up when running
TauDEM.

—

BN C\Windows\system32\cmd.exe E!!ﬂI:IE!EE!51

Thiz »un may take on the order of 74 minutez to complete.

Thiz estimate is very approximate.

Hun time is highly uncertain as it depends on the complexity of the input data
and speed and memory of the computer. Thisz estimate is bhased on our testing on
a dual guad core Dell Heon E5465% 2_BGHz PC with 16GB RAM.

All slopes evaluated. 179785678 flats to resolve.

Draining flats towards lower adjacent terrain

6. Now, contributing area can be calculated. Go to TauDEM Tools, click on Basic Grid
Analysis->D-Infinity Contributing Area. Deselect “Check for edge contamination” to
ensure that missing values do not appear in the area of interest. Click OK.

2 oo NI - -

-

Input D-Infinity Flow Direction Grid
| FlowDir.tif |
Input Cutlets Shapefile (optional)

Input Weight Grid (optional)
| =l

[ Check for edge contamination

% | |%

Input Mumber of Processes

Output D-Infinity Spedfic Catchment Area Grid
| C:'\Projects\DoCon\GIS TerrainChar \ContribArea. tif

L

()4 | Cancel Envkunmenm.”| Show Help == |
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7. If desired, run D-Infinity Contributing Area with “Check for edge contamination”
selected in order to see how many missing values due to edge effects run through
the area of interest.

a. After running the Contributing Area calculation, zoom into the area of interest
with the Contributing Area displayed on top.

b. Double-click on the contributing area layer to open its Layer Properties. On
the Symbology tab, select Classified or Stretched in the Show field to the left.
In the bottom right of the window is “Display NoData as”. Click on the drop
down box next to this and select a bright color (red or pink). Click OK.
Observe the contributing area grid on the map.

c. If there are no missing values through the area of interest, every upstream
point has been included in analysis. If not, it’s ok, DownscaleConcept uses
more of a relative contributing area anyways, but you may consider retrieving
more of the basin extent in the original DEM.
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C.3 Produce Aspect Grid

In order to determine solar effects on soil moisture estimation, the aspect (direction in which a
slope is facing) is used as input to DownscaleConcept. Calculate aspect in ArcMap by following
the instructions below:

1. In ArcMap, click Tools->Extensions... Ensure that the Spatial Analyst extension is
selected.

Extensions [ ? |ﬁ,|

Select the extensions you want to use.

..... O 20 Analyst
----- O ArcScan
----- [0 Data Interoperabiliy
----- [0 Geostatistical Anahyst
..... O Maplex
----- [0 Metwork Anahyst
----- O Publisher
----- [0 Schematics
-----
B0 Survey Analyst
- Survey Editor
b Cadastral Editor
----- [0 Tracking Anahyst

Description:

Spatial Analyst 5.3
Copyright ©1553-2008 ESRI Inc. Al Rights Reserved

Provides spatial analysis tools for use with raster and feature data.

About Bxtensions

e

2. In ArcToolbox, double-click Spatial Analyst Tools->Surface->Aspect.

3. Place the projected DEM (not the one with filled pits) into the Input Raster field.
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4. Ensure that the suffix is “.tif” because DownscaleConcept accepts only TIFF file
formats as inputs. Click OK.

Input raster Output raster
| DEM_Pr]
Output raster The raster to be created.
| C:\Projects\DoCon\GIS\DEM\Aspect. tif

oK I Cancel Environments. .. | << Hide Help | Tool Help

5. Drag the aspect layer below the coarse soil moisture grid. Output will look something
like this:

J File Edit View Bookmarks Insert EIEction Tools Window Help
DEES| BB o | &|[ias dLa0k R [ @ansnr@edFaronsas 0N
|RRF|EROD| @MW |E 8| g

x
L

= £ Downscaled Soil Moisture Estimation
CoarseSM_Wet.tif
Terrain Characteristics
O ContribArea.tif
O Slopedif

O FlowDirtif
= [ Big DEMs
DEM_fel tif
DEM_Prj
[0 DEM.tif
Small DEMs

Display | Seurce | Selection

=-& Hydrology -
& Interpolation
& Local
& Map Algebra
& Math
& Multivariate
&y Neighborhood
&y Overlay
& Raster Creation
&y Reclass
&y Solar Radiation
=-&p Surface
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g Contour
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g Contourwith Barriers
A Curvature
g Cut/Fill
-~ Hillshade
#* Observer Points
4 Slope

A Viewshed o
Favortss | Index | Search | Results [ao |2 u 4 I
JDrawmg'k'\;)\'@‘D'A'ﬁ' 0] Anal S0 ] Bz U Ar B Fr s~

I
x

m

L

| [61.574 34.086 Decimal Degrees
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C.4 Clipping Terrain Characteristics to Area of Interest
After terrain characteristics have been calculated, all associated rasters will be clipped to the area
of interest for modeling purposes. Follow these instructions:

1. In ArcToolbox, open Data Management Tools->Raster->Raster Processing->Clip.

2. There are three grids that will be clipped: Aspect, ContribArea, and Slope. Place one
of these three into the “Input Raster” field on the Clip dialog. Place the Coarse Soll
Moisture grid into the “Output Extent” field. Change the extension on the Output
Raster Dataset to “.tif” to ensure the output raster is in the TIFF format. Ensure that the
dialog looks like the one in the figure below and then click OK.

i Input Raster
| Aspect
Cutput Extent (optional)
| CoarseSM_Wet.tif
Rectangle

¥ Maximum

3597417.050009

X Minimum ¥ Maximum

404557, 564457 453974.6602456

¥ Minimum

3539432, 129751 Clear |

-
Qutput Raster Dataset
| C:'\Projects\DoCon\GIS\TerrainChar \ClippedAspect. tif]
MoData Yalue (optional)

Cancel Environments, .. Show Help ==

3. If the clip does not reduce the size of the Aspect / Slope / Contributing Area grid,
then make sure that Coarse SM has a defined coordinate system (ArcToolbox->Data
Management Tools->Projections and Transformations->Define Projection) and repeat
Step 2.
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4. Repeat Steps 1 through 3 for each of the three terrain characteristics (Aspect, Slope,
Contributing Area) to reduce the size of each of the grids.

J File Edit View Bookmarks Insert Selection Tools Window Help

DEE&r 2BY oo |dfiEm |4 da0» ([ QA O@@r N koMl 1R N
|BREEECRE @B |8 ® ||

=l £% Downscaled Soil Moisture Estimation
[ CoarseSM
= M Small Terrain Chars

ContribArea

Slope

Large Terrain Chars
Aspect

O ContribAreadtif
O Slopedtif

O FlowDirtif

[ Big DEMs

O Small DEMs

Display | Source | Selection

&y Features -
&y Fields

& File Geodstabase

&y General
& Generalization
&y Indexes
& Joins
&y Layers and Table Views
&y Projections and Transformations
=] @ Raster
&y Raster Catalog
&p Raster Dataset
=-&p Raster Processing
#+ Clip
- Composite Bands
A+ Create Ortho Corrected Raster D
. Create Pan-sharpened Raster Da
A Extract Subdataset
g Resample
&y Raster Properties
-5 Relationship Classes <
« e | v

|x

el

|»

Favorites |Index | Search | Results ﬁu\e " 4|
 Dawing~ k 00| O~ Av T om0 -] B IO Av B dv o~

[ [376686.811 3779820603 Meters

50



